A commercially available amorphous Silicon Electronic Portal imaging device (aSi-EPID) installed onto Siemens Oncor Linear accelerator was evaluated with the objective to be implemented for IMRT quality assurance. EPID properties were investigated; these include reproducibility, dependences between the relative EPID responses and field size, dose rate were studied for both photon beams. To determine the inherent build-up of the EPID, varied thickness of Solid-water was placed onto the detector surface and changes in EPID signals were investigated. EPID measurements were compared with ionization chamber measurements (type 30013) connected to a UNIDOS electrometer (PTW-Freiberg) in Water phantom. The use of EPID dose maps was tested by comparing it with TPS-calculated one for IMRT plan applying gamma criteria of 3%/3mm. The results demonstrated that the aSi-EPID signals were reproducible, and response to the applied MUs were linear up to 100 MUs, and then the response became stable for MUs higher than 200, detector should be calibrated in this range. The results showed a clear dependency on the field size and energy. The dosimetric properties measured in this work shows promise that the aSi-EPID can be used for IMRT verifications.
Previously, EPIDs were introduced to verify patient position. More recently, EPIDs have been employed for dosimetric verification purposes. Another application of EPIDs is for Linac Quality assurance (QA) [1] [2] . The use of EPIDs is based on the conversion of the EPID signal into dose [3] [4] [5] [6] [7] . The evaluation of the dosimetric properties of EPID is important if EPIDs are to be used for dosimetric purposes. The dosimetric behaviors of the amorphous silicon (a-Si) EPIDs have been studied by several research groups [8] [9] [10] [11] [12] . However, most of these groups have focused on two commercially available types of the a-Si EPIDs: the Elekta iView GT system and the Varian Portal Vision aS500/1000 [13] [14] [15] [16] [17] [18] . Today, most modern radiation oncology clinics use Linacs that are equipped with EPIDs that can be used for imaging verification. However, due to the increasing use of IMRT techniques in these clinics, there is a need for efficient methods for QA; EPID dosimetry may serve as an alternative to film dosimetry. Nicolini et al., investigated IMRT dose verifications with an a-Si EPID and found that the EPID can be used for absolute dose measurements [19] . A global calibration model for the use of an a-Si EPID for transit dosimetry has been developed by Nijsten et al. [20] . Studies have shown that the a-Si EPID can be used for the dosimetric verification of dynamic IMRT fields [7] [12] . In general, EPIDs are complicated systems that need to be specially configured for dosimetry purposes, are not independent of the Linac control system that is being tested, and require substantial QC [21] . Although a great deal of work has been done on the aSi EPID dosimetric properties, the interpretation of the EPID characteristics are inconsistent. Additionally, EPID dose responses are still need to be determined despite the fact that many successful and clinical implementation researches have been done on EPID dosimetry. Another reason, the lack of integrated software tools limits the usefulness of a-Si EPID detectors as standard dosimeters for performing QA dosimetric tasks in radiation oncology clinics. However, research efforts to enable EPID dosimetry to serve as an effective component of IMRT QA have been increasing [22] [23] [24] [25] [26] . Therefore, evaluation of the dosimetric properties of amorphous silicon EPIDs and their applicability for IMRT verification are of current interest [23] [27] [28] . The aim of this work was to evaluate the dosimetric properties of our newly installed a-Si EPID and the feasibility of implementing EPID for IMRT plan verification at Steve Biko Academic Hospital (SBAH).
Materials and Methods
The EPID and Linear Accelerator: An amorphous silicon (a-Si) EPID (OPTIVUE 1000ART) was used. The flat EPID detector used was a Perkin-Elmer XRD 1640-AG9 detector with an active imaging area of 40 × 40 cm 2 comprising of 1024 × 1024 pixels, with a pixel size of 0.8 mm. The panel movements were limited to the vertical direction with varied distances between 115 to 160 cm source-to-detector distances (SDD). The acquisition software used was Siemens Coherence Therapist Workspace software, version 2.0.09. All measurements were conducted using Siemens ONCOR linear accelerator (Linac) (Siemens Medical solutions, Concord, USA). The Linac equipped with 160 MLC and operates at variable dose-rate mode. Figure 1 shows the geometric set-up of Figure 1 . The geometric set-up of the experiment. the experiment. For EPID measurements, the relative EPID response (GEPID/Dp) was set as the quotient of the average grayscale value (GEPID) in the region of interest (ROI) of a 10 × 10 pixel area and the portal dose (Dp) measured at the same point using ionization chamber for the same set-up. The point-dose measurements were performed in a water phantom using a Farmer ionization chamber (type 30013) connected to a UNIDOS electrometer (PTW, Freiberg, Germany). The 2D measurements were performed EPID. The SDD was varied from 115 to 145 cm for all of the measurement and to a depth of maximum dose (d max ) for the corresponding energies under investigation. 115 was the minimum distance that allowed to position the EPID vertically. This SDD was used because most of the imaging verifications for treatment are conducted at this level. Both the EPID and ionization chamber measurements were conducted on the central axis. All of the ionization chamber measurements were corrected for temperature and pressure variations.
The calibration and reproducibility: The standard calibration of the EPID using a flood-field image with a uniform radiation field and the dark image (non-irradiated image) was performed. This procedure was conducted according to the protocol recommended by the manufacturer and to the calibration guidelines (ONCOR Impression operator's manual) [29] . The short-term reproducibility was evaluated on the basis of 20 subsequent EPID measurements in which 20 MU were delivered using a 10 × 10 cm 2 field size. The long-term reproducibility was evaluated by acquiring 10 consecutive EPID images. The experiment was repeated every two weeks for a period of 3 months.
Monitor Units linearity: Both ionization chamber and EPID measurements were performed sequentially at all times because the EPID and portal doses could not be measured simultaneously. A varying dose was delivered with MUs in the range of 5 to 1000, using a 10 × 10 cm 2 field size. The low starting values were used because for the application of the EPID for the dosimetry of IMRT fields, low MUs are possible.
Field-size dependence: This was determined for a set of square fields defined by the MLC starting at 1 × 1 cm 2 and increasing up to 25 × 25 cm 2 without an absorber in the beam. All irradiations were performed by delivering 100 MU at the corresponding dmax for each energy level. Both EPID and ionization chamber sets of measurements were normalized to 10 × 10 cm 2 field-size values. Dose-rate response: The linearity of the EPID to dose-rate variations was investigated by monitoring the grayscale value on the beam axis for a static field. To modify the dose-rate, the SDD was varied by the distance of the EPID below the isocenter (from 15 up to 60 cm). The EPID images were collected each distance, a dose of 100 MU was delivered to a 10 × 10 cm 2 open field. The effect of the build-up: The response of the EPID as a function of the amount of build-up onto the detector surface was investigated. The EPID measurements were conducted with the outer surface of the EPID. A field of 10 × 10 cm 2 at the isocenter was projected at the extended SDD to give a field of 14.5 × 14.5 cm 2 and 100 MUs were delivered, using the maximum available nominal dose-rate. The build-up material used was the solid-water phantom (GAMMEX RMI, Middleton, WI). A series of measurements were obtained with depths ranging from 0.1 cm to 4.0 cm on the EPID. Comparative measurements were performed using ionization chamber for the same set-up.
Clinical Application: The relative dosimetry performance of the EPID for IMRT QA was tested by comparing the EPID dose maps with the calculated dose maps using CMS XiO Treatment Planning System (TPS) for an IMRT plan that contained 7 IMRT fields. The experimental set-up for the EPID and the TPS calculation is shown in Figure 2 . Both EPID and TPS dose maps were imported for analysis and evaluation, which were performed by using Radiological Imaging Technology (RIT) 113 Dosimetry Software, Version 5.2 (Colorado Springs, CO) [30] . The software introduced a new calibration method called plan-based calibration, which can be used to develop relative dosimetric calibration curves between the acquired EPID images and the TPS-calculated. It also allows a relative dose comparison to be conducted without conducting a separate calibration. These routines provide a suite of measurements and dose map comparisons including gamma method using gamma criteria of 3% and 3 mm (dose difference and distance-to-agreement).
Results
Reproducibility: The EPID short-term reproducibility characteristics were similar for both beam qualities, as shown in Figure 3(a) . For the same number of MUs applied, average grayscale values did not vary significantly and were approximately 0.99% and 0.97%, and the standard deviation were 0.2% and 0.3% for 6 and 15 MV, respectively. Figure 3(b) shows the long-term reproducibility over a period of 3 months was found to be within Monitor Units linearity: The relationship between the EPID response and the applied MUs for a range of 5 to 1000 MUs is shown in Figure 4 . The data were fitted in a semi-log graph and the results showed almost identical behavior for both beam qualities. Additionally, the EPID response decreased in the region of low doses for both energies, and this was more obvious for the 15 MV. The a-Si EPID response was higher by 2.1, for 6 MV photons and 2.8% for 15 MV photons for 1000 MUs, whereas for the doses at 10 MU, the reduction was 4.8% and 5.8% for the 6 and 15 MV photons, respectively.
Field-size dependence: Figure 5 shows the results of the relative EPID response with the field size, which, indicates both under-response and over-response areas for both beams. For small field sizes, the EPID response shows less response dependence on the field size up to the 10 × 10 cm 2 field; as the field size increases, the EPID response shows a clear dependency on the field size and energy. This effect is probably created by changes in scatter with increased field size. Scatter has a low energy component; probably due to presence of high atomic number component in the phosphor material [8] [9] [10] . The pattern is the same for the two energies with an under-response for small fields and an over-response for the bigger field ranges. Dose-rate linearity: Figure 6 shows a plot data and a linear function was fit to the data. The linear regression coefficients are R 2 = 0.999 for all the fits. The linear fits also indicated proportionality constants showing that the detector is proportional over the entire measured range and does not deviate from the inverse square behavior. The EPID build-up effect: Figure 7 (a) and Figure 7 (b) show a plot of EPID signal response versus the depth. As expected, the signal from EPID and ion chamber increases as a build-up material increases up to a depth of a maximum signal. After that, the signal and dose received decreases with depth. Ion chamber measurements are recognized to be proportional to the dose received; accordingly, the depth at which the maximum ion chamber signal occurs will be the depth at which the maximum dose is delivered to the material. Since EPID has some inherent build-up, the maximum signal will be reached with less extra build-up materials added on top. The difference between the two depths of the maximum signal can be considered the amount of water-equivalent material that the inherent build-up of the EPID is contributing. The inherent build-up on EPID was found to be 0.40 ± 0.06 cm for 6 MV and 0.46 ± 0.01 cm for 15 MV. This build-up must be taken into account when adding a solid-water phantom material on top to achieve the depth of the maximum dose of the detector. The results will be useful for EPID calibration for dosimetric purposes. MV head and neck IMRT plans. The agreement between the dose maps measured with EPID and TPS-calculated dose maps were evaluated using 3%/3mm pass rate criteria. Figure 8 shows and example of dose maps comparisons. The corresponding gamma map shows that most of the field has gamma values of less than or equal to 1.0 (indicated by the large area shown in gray); the small area in the center of the field has gamma values that are greater than 1.0, corresponding to a high dose-gradient region (shown in red). In addition, there are areas at the edges of the field (shown in red) that show gamma values greater than 1.0; most of these areas fell outside the treatment field. Because the majority of the field has gamma values less than or equal to 1.0, and areas with gamma values greater than 1.0 are confined to a high dose-gradient region, there is agreement between the measured and TPS-calculated dose maps.
Discussion and Conclusion
In this work, the EPID dosimetric performance was investigated for the purpose to be implemented for IMRT plan verification at SBAH. Our results showed that the EPID grayscale values were reproducible. The EPID response to the applied MUs increased linearly up to about 100 MUs, and then it became stable for MUs higher than 200. Therefore, the detector should be calibrated in this range. These results are in agreement with [16] [31]. The EPID response shows a clear dependency on the field size and energy. The EPID response was also in close agreement with other studies for different field sizes. Greer et al. measured an under-response of 2.0% for a 4 × 4 cm 2 field and 2.5% for a 24 × 24 cm 2 field, but did not correct for EPID off-axis response [8] . Van Esch et al. examined the response for varying field sizes at two different energies and their approach also depended on the SDD [10] . The EPID showed a liner response to the dose-rate with a proportional coefficient of R 2 = 0.999 for both photon beams. The dose-rate linearity of the EPID has been previously reported [10] . Thus, only verification was performed in this work to establish that the EPID at SBAH performs as expected. The inherent build-up of EPID was determined by comparing the measurements with the ion chamber. The results will be useful for the EPID calibration for dosimetric purposes. The results demonstrate that the plan based calibration method is suitable for use with EPID images to perform. The experimental set-up used to validate the calculated dose maps was highly satisfactory. In general, the a-Si EPID showed the prerequisite dosimetric characteristics for performing the Patient-Specific IMRT QA.
